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(54) Load balancing system

(57) A load balancing system (3) having a plurality
of service servers (7-1 to 7-N) and a load balancer (4)
which prevents a service performance from being re-
duced by an overload of requests on the service servers.
The system includes a load balancer (4) and a admin-
istration server (5), the load balancer outputs an access

administration server performs statistical operation over
the access log. The administration server prepares a
service server run schedule on the basis of a result of
the statistical operation and informs the load balancer
of it. The load balancer controls distribution of a request
to the service server according to the informed run

log relating to an access to the service server, and the schedule.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a load balanc-
ing system for distributing an access to a plurality of
servers and more particular, to a method for running a
load balancer.

[0002] As the Internet spreads, conventional services
including ticket sale so far done at a ticket window have
been realized in the Internet. As communication tech-
nigues advances, in addition, there has been arranged
such an environment that the same services can be ac-
cepted not only from homes or offices but also from port-
able phones.

[0003] A service provider server (which will be re-
ferred to as the service server, hereinafter) for providing
such services as mentioned above via the Internet is
usually required to process requests from a multiplicity
of client terminals, and thus such many requests cannot
be processed by such a single service server. For this
reason, there is known a system which includes a plu-
rality of service servers connected to a load balancer,
and wherein requests from a multiplicity of client termi-
nals are distributed to a plurality of service servers to
resolve an overflow problem, as disclosed, e.g., in Jap-
anese Laid Open Patent Publication No. 2003-178041
(paragraph No. 0020).

[0004] With regard to a problem that the service serv-
ers are put in an overload state and thus a response
performance to the client terminal is deteriorated, in the
prior load balancing system disclosed in the Japanese
Laid Open Patent Publication No. 2003-178041 (para-
graph No. 0020), the problem is solved by monitoring
the CPU use amounts, memory use amounts, etc. of the
service servers, reducing the amount of requests dis-
tributed to the service server having a higher load, re-
moving the source as the cause of the performance de-
terioration (e.g., freeing up the memory being exces-
sively used), and so on.

SUMMARY OF THE INVENTION

[0005] The usual load balancing system disclosed in
the Japanese Laid Open Patent Publication No.
2003-178041 is, however, designed to be based on re-
moving the cause when an overload takes place and it
tends to deteriorate the system performance. For this
reason, as time elapses, the system performance can
be recovered from the problem, but the system perform-
ance is temporarily reduced.

[0006] Accordingly, an improved method for running
the load balancing system is desired.

[0007] Itis well known that access to a service server
via the Internet has a statistical pattern according to
service in one day, one week or one month. For exam-
ple, itis known that an in-company business service has
such a statistical access pattern that an access load to
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the service server becomes high after 9 o'clock in the
morning at which business starts and after 1 o'clock in
the afternoon which a lunch break ends on weekdays.
[0008] In a load balancing system for distributing re-
quests to a plurality of service servers in accordance
with the present invention, information obtained by sta-
tistically processing an access log is used for load bal-
ancing control over the service servers to beforehand
prevent the reduction of a service performance caused
by the overload requests to the service servers.

[0009] In an aspect of a load balancing system in ac-
cordance with the present invention, the system in-
cludes a load balancer and an administration server,
and the administration server statistically processes an
access log. On the basis of the number of requests per
unit time obtained from the statistical processing, the ad-
ministration server predicts the number of service serv-
ers necessary for each time slot and informs the predict-
ed number to the load balancer. The load balancer sets,
according to the informed information about the time slot
and the number of service servers, sets the distribution
to a necessary number of service servers immediately
before the specified time slot. As a result, the overload
of requests to the service servers can be avoided and
the reduction of the service performance can be before-
hand prevented.

[0010] Further, when a special assignment day (which
will be referred to as the access special day, hereinaf-
ter), on which an access pattern different from a usual
pattern is already found or predicted, is specified, sta-
tistical processing different from the usual pattern is car-
ried out on the special day and distribution setting
unique to the special day is carried out, thus enabling
suitable access control.

[0011] In accordance with the present invention, im-
proved load balancing control can be realized and a high
quality of service can be provided.

[0012] These and other benefits are described
throughout the present specification. A further under-
standing of the nature and advantages of the invention
may be realized by reference to the remaining portions
of the specification and the attached drawings.

BRIEF DESCIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a configuration of a communication net-
work system including a load balancing system 3 in
accordance with an embodiment of the present in-
vention;

FIG. 2 is an arrangement of a load balancer 4 and
an administration server 5 in the load balancing sys-
tem 3;

FIG. 3 shows an example of a data structure of an
access log file 60 accumulated on a disk 44 of the
load balancer 4 and on a disk 54 of the administra-
tion server 5;
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FIG. 4 shows an example of a data structure of each
of access log records 62-1 to 62-K in an actual ac-
cess log;

FIG. 5is a flowchart showing an example of request
distributing operations carried out by the load bal-
ancer 4;

FIG. 6 shows an example of a table for the load bal-
ancer 4 to control request distribution destination;
FIG. 7 shows an example of a record table for re-
cording statistics of access to a service server 7 on
a usual day;

FIG. 8 shows an example of the record table for re-
cording statistics of access to the service server on
an access special day;

FIG. 9 is a flowchart showing an example of an ac-
cess log statistical operation carried out by the ad-
ministration server 5;

FIG. 10 is an example of a table showing a run
schedule for service servers 7-1 to 7-N; and

FIG. 11 is a flowchart showing another example of
the request distributing operation carried out by the
load balancer 4.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0014] Explanation will be made in connection with an
embodiment of the present invention, with reference to
the accompanying drawings.

[0015] FIG. 1 shows a configuration of a communica-
tion network system including a load balancing system
3 according to the present embodiment.

[0016] The load balancing system 3 is connected to
a plurality of client terminals (which will be referred to
as the terminals, hereinafter) 1 (1-1 to 1-L) via a com-
munication network 2 such as LAN or Internet.

[0017] The load balancing system 3 includes a load
balancer 4 connected to the communication network 2,
an administration server 5 having a communication
function with the load balancer 4, a console 6 connected
to the administration server, service servers 7 (7-1 to
7-N) connected to the load balancer 4, and a database
8 connected to the service servers 7. In this connection,
the administration server 5 can communicate with the
service servers 7 via the load balancer 4.

[0018] In the example of FIG. 1, the load balancer 4
is provided to be separated from the administration serv-
er 5. However, the function of the load balancer 4 and
the function of the administration server 5 may be com-
bined to form a single apparatus.

[0019] Although the service server is provided as a
single apparatus in the example of FIG. 1, the service
server may be made up of a plurality of servers which
are, e.g., a combination of a Web server for exclusive
processing of communication with the terminals 1 and
a database server for exclusive database processing.
[0020] A requesttransmitted from any of the terminals
1 is received by the load balancer 4 via the communi-
cation network 2. The load balancer 4 distributes the re-
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ceived request to the service servers 7 according to a
predetermined load balancing algorithm. The service
server 7, in response to the request from the terminal 1,
performs processing on the database 8 as necessary,
creates response data, and transmits the data to the
load balancer 4. The load balancer 4 transmits the re-
ceived response data to the terminal 1 as a request orig-
inator. Simultaneously, the load balancer 4 creates an
access log relating to transmission and reception of the
request.

[0021] FIG. 2 shows an arrangement of the load bal-
ancer 4 and administration server 5.

[0022] The load balancer 4 has a processor 40; a
communication interface 41 for interconnection of the
communication network 2, administration server 5 and
service server 7; a memory 42 for program storage, a
memory 43 for data storage, and a disk 44 for tempo-
rarily storing an access log. These constituent elements
are mutually connected by means of an internal com-
munication line 45 (which will be referred to merely as
the bus, hereinafter) such as a bus. A load balancing
control module 421 for distributing the received request
to the service server 7 as well as other control modules
420 are stored as control software to be executed by the
processor 40 in the memory 42.

[0023] The administration server 5 has basically the
same structure as the load balancer 4, but is different in
that an access statistical processing module 422 for ac-
quiring the access log from the load balancer 4, statis-
tically processing the log, and deciding the number of
necessary service servers on the basis of the statistical-
ly-processed result as well as other control modules 420
are stored in the memory 42 for program storage.
[0024] Further, each of the above control module and
processing module may be stored previously in the disk
44 of the load balancer, or may be introduced into the
load balancer as necessary via a storage medium usa-
ble by the balancer and mountable thereon or via a com-
munication medium (e.g., via communication line or a
carrier on the communication line).

[0025] FIG. 3 shows a data structure of a file for stor-
ing the access log created by the load balancer 4.
[0026] An access log file 60 for storing the access log
has an access log file header 61 for storing information
about the access log file 60, and access log records 62-k
(1 £ k £K) as the entity of the access log issued from
the load balancer 4.

[0027] The access log file header 61 includes a log
output start time 611 indicative of a date on which an
access log was first written in the file, a log output end
time 612 indicative of a data on which an access log was
last written in the file, an access log file name 613 indic-
ative of a changed destination to which a proxy server
changed its output destination to another file, and an
access log record count 614 indicative of the number of
access logs stored in the file.

[0028] FIG. 4 is an exemplary structure of an access
log, showing, in a data format, one of the access log
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records 62-k created in units of request transmission/
reception (called "session").

[0029] The session to be used in the present embod-
iment refers to one transaction after an access originator
(the terminal 1 in the present embodiment) issues a re-
quest until an access destination (the service server 7
in the present embodiment) responds to the request.
[0030] The access log record 62-k has a load balanc-
er number 620 indicative of the load balancer 4 which
outputted the record, a session number 621 indicative
of the acceptance number of the request which the load
balancer 4 received, a response code 622 indicative of
an error state which is attached to response data issued
from the service server, an error number 623 indicative
of an error code with which the load balancer 4 responds
to the terminal 1, a terminal address 624 for identifying
the transmission originator of the received request, a re-
quest transfer destination (service server) address 625
indicative of the transmission destination of the request,
a request URL 626 indicative of the request transmis-
sion destination written in the request, terminal informa-
tion 627 indicative of information about the terminal 1
which transmitted the request, a request reception time
628 indicative of a time at which the load balancer 4 re-
ceived the request from the terminal 1, a response mes-
sage transmission completion time 629 indicative of a
time at which the load balancer 4 finished transmitting
the response data to the terminal 1, a load balancer
processing time 630 indicative of a time taken for the
load balancer 4 to process, a service server response
wait time 631 indicative of a wait time after transmission
of the request to the service server 7 until reception of
response data from the service server 7, a header size
632 of the request received from the terminal 1, a header
size 633 of the response data to the terminal 1, a data
size 634 of the request received from the terminal 1, a
data size 635 of response data to the terminal 1, a head-
ersize 636 of the request transmitted to the service serv-
er 7, a header size 637 of the response data received
from the service server 7, a data size 638 of the request
transmitted to the service server 7, a data size 639 of
the response data received from the service server 7, a
session count 640 indicative of the number of sessions
simultaneously connected to the same service server
during session processing, and a distribution-destina-
tion service-servers count 641 during processing of the
session.

[0031] FIG. 6 shows an example of a structure of a
table held by the load balancer 4 to control request dis-
tribution destinations.

[0032] A distribution destination administration table
70 has a connection server address 701 indicative of
the address of a service server connected to the load
balancer 4 and capable of being used as the request
distribution destination, a distribution target flag 702 in-
dicative of whether or not the service server is used cur-
rently as the distribution destination, a connection ses-
sion upper limit 703 indicative of the upper limit value of
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the number of sessions simultaneously connected to the
service server, and a connection session count 704 in-
dicative of the number of sessions currently connected
to the service server.

[0033] FIG. 5 shows a flowchart for explaining a re-
quest distributing function which is realized when the
processor 40 of the load balancer 4 executes the load
balancing control module 421.

[0034] When the load balancer 4 receives a request
from the terminal 1 (Step S2001), the balancer checks
whether or not there is no error in the request (Step
S2002). In the presence of an error, the load balancer
transmits the error to the terminal 1 (Step S2011). If the
request is correct, then the load balancer compares the
connection session upper limit 703 and the connection
session count 704 in the distribution destination admin-
istration table 70 to check the presence or absence of
the service server 7 to which the request can be distrib-
uted (Step S2003).

[0035] When the connection session count 704 of all
the service servers 7 reaches the connection session
upper limit 703, it is impossible to transmit the request
to the service server. Thus the load balancer transmits
the error to the terminal 1 (Step S2010).

[0036] When there are service servers 7 to which the
request can be transmitted, the load balancer compares
the respective connection session counts 704 of the
service servers 7, determines one of the service servers
7 having the smallest connection session count as the
distribution destination, and increments the value of the
smallest connection session count 704 by 1 (Step
S2004). When determining the service server 7 to which
the request is distributed, the load balancer transmits
the request to the corresponding service server 7 (Step
S2005), and waits for aresponse from the service server
7 (Step S2006).

[0037] When the load balancer fails to receive a re-
sponse from the service server 7 times out (Step
S2007), the balancer transmits an error to the terminal
1 (Step S2011).

[0038] When receiving response data from the serv-
ice server 7, the load balancer decrements the value of
the connection session count 704 by 1 (Step S2008) and
checks whether or not there is no error in the response
data (Step S2009). In the presence of an error such as
a protocol breach in the response data, the load balanc-
er transmits an error to the terminal 1 (Step S2011).
When the response data is correct, the load balancer
transmits the response data to the terminal 1 (Step
S2010).

[0039] Even in any of Steps S2010 and S2011, the
load balancer 4 generates such an access log record
62-k as shown in FIG. 4 according to the processed re-
sult (Step S2012) and outputs it to the access log file 60
within the disk 44 (Step S2013). The load balancer fur-
ther updates the value of the access log record count
614 in the access log file header 61 (Step S2014).
[0040] Explanation will next be made as to the
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processing of the administration server 5.

[0041] FIG. 7 is an example of a structure of a table
generated when the processor 40 executes the access
statistical processing module 422 in the administration
server 5.

[0042] An access record table 80 stores statistical da-
ta obtained from the access log. The access record table
80 hasrecord tables 81-1 to 81-7 for each day of a week,
with respect to an individual time slot's full access record
801 for recording a request processing frequency for
each time slot and with respect to a record count 802.
The individual time slot's full access record 801 further
has items of recording an access count 811 indicative
of the number of accesses normally processed for each
unit hour, an access count 812 indicative of the number
of errors returned for accesses because the request
cannot be transmitted to the service server 7, a re-
sponse time 813 from the service server, an service
servers count 814 indicative of the number of service
servers as distribution destinations, and a maximum
session count 815.

[0043] The record tables 81-1 to 81-7 for each day of
one week further has individual time slot's access record
lists 82-1 to 82-X connected to a list 803 and for individ-
ual constant past time periods (corresponding to one
day). The constituent elements of the individual time
slot's access record lists 82-1 to 82-X are the same as
the individual time slot's full access record 801, except
that information on a date 821 is added thereto.

[0044] Inthe example of FIG. 7, the record table 81 is
divided in units of day in one week. However, the record
table 81 may be divided, for example, in units of day
(first, second, ..., or thirty-first day) in one month or in
the form of the first, middle or last ten days in one month.
[0045] FIG. 8 shows an example of a structure of an-
other table generated when the processor 40 in the ad-
ministration server 5 executes the access statistical
processing module 422.

[0046] A special day's access record table 90 is used
to collect an access record for an access special day
specified by the operator apart from the access record
table 80.

[0047] The special day's access record table 90 in-
cludes an access special day's list 91 holding the access
special day specified by the operator and pattern-by-
pattern record tables 92-1 to 92-Z collecting an access
record for each pattern of the special day. The access
special day's list 91 has access special day's blocks
911-1 to 911-W. Each of the access special day's blocks
has an index 912 for the next block, an access special
day 913, and an access special day's pattern 914 indic-
ative of a group to which access special days having an
identical access pattern belong.

[0048] Setting of the access special day's block is car-
ried out by the operator who enters data from the con-
sole 6 connected to the administration server 5.

[0049] The operator enters a date as the access spe-
cial day and the access special day's pattern from the
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console 6. The administration server 5 sets the date and
access special day's pattern entered from the console
6, in the access special day 913 and access special
day's pattern 914 of a newly-prepared access special
day's block 911 respectively. The access special day's
blocks 911 are connected to the access special day's
list 91 so that the blocks are arranged in the ascending
order of the access special day 913.

[0050] Each of the pattern-by-pattern record tables
92-1 to 92-Z has an individual time slot's full access
record 921 and a record count 922. The individual time
slot's full access record 921 has record items of an ac-
cess count 924 indicative of the number of normally
processed accesses for each unit hour, an access count
925 indicative of the number of errors returned to the
service server 7 because the request cannot be trans-
mitted thereto, a response time 926 from the service
server, a service servers count 927 indicative of the
number of service servers as distribution destinations,
and a maximum access session count 928.

[0051] Each of the pattern-by-pattern record tables
92-1t0 92-Z has individual time slot's access record lists
93-1 to 93-Y connected to a list 923 and for a given pe-
riod (corresponding to one day).

[0052] As shown in FIGS. 7 and 8, since the access
record table 80 and the special day's access record ta-
ble 90 hold a constant amount of individual time slot's
access record of past dates, the access record of the
specified date can be removed from the statistically-
processed result.

[0053] For example, the operator specifies a date for
the operator to want to delete its access record from the
console 6.

[0054] When the processor 40 executes the access
statistical processing module 422, the administration
server 5 first refers to the special day's access record
table 90, and checks the presence or absence of an in-
dividual time slot's access record list 93 having informa-
tion about the same date 931 as a date entered from the
console 6. When the individual time slot's access record
list 93 having the same date is present, the individual
time slot's access record list 93 is removed from the list
923, the value recorded in the individual time slot's ac-
cess record list 93 is subtracted from the individual time
slot's full access record 921 within a pattern-by-pattern
record table 92. Thereafter, the individual time slot's ac-
cess record list 93 is initialized and connected to the last
part of the list 923.

[0055] When data about the date is absent in the spe-
cial day's access record table 90, the administration
server refers to the access record table 80 and checks
the presence or absence of the individual time slot's ac-
cess record list 82 having information about the same
date 821 as the date entered from the console 6. When
the individual time slot's access record list 82 having the
same date is present, the individual time slot's access
record list 82 is removed from the list 803, and the value
recorded in the individual time slot's access record list
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82 is subtracted from the individual time slot's full access
record 801. Thereafter, the individual time slot's access
record list 82 is initialized and connected to the last part
of the list 803.

[0056] Through the aforementioned procedure, the
access record of the date specified by the operator can
be deleted from the statistically-processed result.
[0057] FIG.9is aflowchart showing a summary of the
statistical processing function realized when the proc-
essor 40 of the administration server 5 executes the ac-
cess statistical processing module 422.

[0058] The administration server 5 first acquires the
access log file 60 present on the disk 44 of the load bal-
ancer 4 (Step S2101). For the file acquisition, file trans-
fer between servers based on FTP protocol or the like
may be used, or a disk may be shared by the load bal-
ancer 4 and the administration server 5 and the access
log file 60 may be stored in the shared disk. After ac-
quiring the access log file 60, the administration server
reads access log records 62-1 to 62-K present in the
access log file onto a data memory 53 of the adminis-
tration server 5 (Step S2102). The administration server
performs the following operation over access log
records 62-1 to 62-K read onto the memory.

[0059] When the date of the request reception time
628 of an access log record 62 coincides with the access
special day's block 911-1 (Step S2103), the administra-
tion server identifies one of entries of the pattern-by-pat-
tern record tables 92-1 to 92-Z by the access special
day's pattern 914 of the access special day's block
911-1 (Step S2104).

[0060] When the date 931 of the individual time slot's
access record list 93-1 connected to the list 923 of the
entry fails to coincide with the date of the request recep-
tion time 628 of the access log record 62 (Step S2105),
next, the administration server removes the individual
time slot's access record list 93-Y connected to the last
part of the list 923 from the list, initializes the individual
time slot's access record list 93-Y (more specifically,
sets the date of the access special day 913 of the access
special day's block 911-1 in the date 931 and sets '0' in
the other data), and then connects the corresponding
list 93-Y to the top part of the list 923 (Step S2106). As
a result, the list 93-Y initialized and connected to the list
top part is replaced with the individual time slot's access
record list 93-1.

[0061] Next, using the values obtained from the ac-
cess log record 62, the administration server updates
the values of the access count 924, abnormal access
count 925, and response time 926 in the time slot within
the pattern-by-pattern record table 92 and individual
time slot's access record list 93-1 (Step S2107). More
specifically, when a value is set in the error number 623
of the access log record 62 (that is, an error took place),
the value of the abnormal access count 925 is incre-
mented by 1, and otherwise, the value of the access
count 924 is incremented by 1. Further, the value of the
service server response wait time 631 is added to the

10

15

20

25

30

35

40

45

50

55

response time 926.

[0062] The administration server compares the distri-
bution-destination service-servers count 641 in the ac-
cess log record 62 with the value of the distribution-des-
tination service-servers count 927 in the corresponding
time slot within the pattern-by-pattern record table 92
and individual time slot's access record list 93-1 (Step
S2108). When the value 641 in the access log record is
larger, the distribution-destination service-servers count
927 in the pattern-by-pattern record table 92 and indi-
vidual time slot's access record list 93-1 is updated to
the value of the access log record (Step S2109).
[0063] The administration server further compares an
access session count 640 in the access log record 62
with the value of the maximum access session count
928 in the corresponding time slot within the pattern-by-
pattern record table 92 and individual time slot's access
record list 93-1 (Step S2110). When the value 640 in the
access log record is larger, the maximum access ses-
sion count 928 in the pattern-by-pattern record table 92
and individual time slot's access record list 93-1 is up-
dated to the value of the access log record (Step S2111).
[0064] When the date of the request reception time
628 of the access log record 62 fails to coincide with the
block 911-1 as the top block of the access special day's
list 91 (Step S2103), on the other hand, the administra-
tion server identifies the day by the date of the request
reception time and identifies an entry of the record ta-
bles 81-1 to 81-7 (Step S2112).

[0065] When the date 821 of the individual time slot's
access record list 82-1 connected to the list 803 of the
corresponding entry fails to coincide with the date of the
request reception time 628 of the access log record 62
(Step S2113), the administration server removes the in-
dividual time slot's access record list 82-X connected to
the last part of the list 803 from the list, initializes the
individual time slot's access record list 82-X (more spe-
cifically, sets the date of the request reception time 628
of the access log record 62 at the date 821 and sets 0
for the other data), and then connects the corresponding
list 82-X to the top part of the list 803 (Step S2114). As
a result, the list 82-X initialized and connected to the list
top part is replaced with the individual time slot's access
record list 82-1.

[0066] Using the values obtained from the access log
record 62, the administration server updates the values
of the normal access count 811, abnormal access count
812, and response time 813 in the corresponding time
slot within the record table 81 and individual time slot's
access record list 82-1 (Step S2115). More specifically,
when a value is set for the error number 623 of the ac-
cess log record 62, that is, when an error took place, the
value of the abnormal access count 812 is incremented
by 1, and otherwise the value of the normal access count
811 is incremented by 1. The value of the service server
response wait time 631 is added to the response time
813.

[0067] The administration server compares the distri-
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bution-destination service-servers count 641 in the ac-
cess log record 62 with the value of the distribution-des-
tination service-servers count 814 in the corresponding
time slot within the record table 81 and individual time
slot's access record list 82-1 (Step S2116). When the
value 641 in the access log record is larger, the distri-
bution-destination service-servers count 814 in the
record table 81 and individual time slot's access record
list 82-1 is updated to the value of the access log record
(Step S2117).

[0068] The administration server further compares
the access session count 640 in the access log record
62 with the value of the maximum session count 815 in
the corresponding time slot within the record table 81
and individual time slot's access record list 82-1 (Step
S2118). When the value 640 in the access log record is
larger, the maximum session count 815 in the record ta-
ble 81 and individual time slot's access record list 82-1
is updated to the value of the access log record (Step
S2119).

[0069] The administration server performs the opera-
tions of the above Steps S2103 to S2115 over the ac-
cess log records 62-1 to 62-K (Step S2120).

[0070] Last, when the date of the log output end time
612 recorded in the header 61 of the access log file 60
elapses the access special day 913 of the access spe-
cial day's block 911-1 (Step S2121), the administration
server removes the access special day's block 911-1
from the access special day's list 91 (Step S2122).
[0071] FIG. 10 shows an exemplary structure of a
service server run scheduling table generated when the
processor 40 of the administration server 5 executes the
access statistical processing module 422.

[0072] A service server run scheduling table 100 has
individual time slot's run lists 1000-0 to 1000-23. Each
of the individual time slot's run lists has a distribution-
destination service-servers count field 1001 for storing
the number of service servers as distribution destina-
tions, a session count field 1002 for setting the upper
limit of a total number of sessions to be connected, and
a service server address field 1003 for storing the ad-
dresses of service servers as actual distribution desti-
nations.

[0073] The service server run scheduling table 100
was created by the administration server 5 previously,
for example on the preceding day.

[0074] The administration server 5 first refers to the
access special day's list 91 and checks whether or not
the next day is an access special day. When the next
day is the access special day, the administration server
determines the record table 92-n to be referred to on the
basis of the access special day's pattern 914 of the ac-
cess special day's block 911. When the next day is not
the access special day, the administration server deter-
mines the record table 81 to be referred to on the basis
of the day in question within the access, record table 80.
[0075] After determining the record table to be re-
ferred to, the administration server finds the number of

10

15

20

25

30

35

40

45

50

55

necessary servers in each time slot.

[0076] For example, on the access special day, the
administration server 5 computes an average through-
put by dividing a sum of the normal access count 924
and the abnormal access count 925 in each time slot
recorded in the individual time slot's full access record
921 of the special day's access record table 90 by a
record count and unit time, and sets the computed value
for the session count 1002.

[0077] In a manner similar to the above, the adminis-
tration server computes an average response time for
each time slot. When the computed average response
time is larger than a reference maximum response time
previously determined by the system, the administration
server checks the distribution-destination service-serv-
ers count 927 in the corresponding time slot. If it is pos-
sible to increase the number of such distribution-desti-
nation service-servers, then sets the value of the distri-
bution-destination service-servers count 927 incre-
mented by 1 for the distribution-destination service-
servers count 1001 as a distribution-destination service
servers count.

[0078] Ifitisimpossible to increase the number of dis-
tribution-destination service servers, then the adminis-
tration server sets the value of the distribution-destina-
tion service-servers count 927 for the distribution-desti-
nation service-servers count 1001 as it is without any
change. Simultaneously, the administration server com-
pares the value set for the session count 1002 with the
value of the maximum access session count 928, se-
lects smaller one of the values, and replaces the value
of the session count 1002 with a value obtained by sub-
tracting a constant value (e.g., 10, 100, or so which is
previously set according to the scales of the system)
from the selected value.

[0079] On the contrary, when the average response
time is smaller than the reference maximum response
time by a constant time (e.g., 1/2 or so of the reference
maximum response time or the like which is previously
determined) or more, the administration server sets a
value obtained by subtracting 1 from the value of the
distribution-destination service-servers count 927 for
the distribution-destination service-servers count 1001
as a distribution-destination service-servers count.
[0080] Evenwhenthe value ofthe accessrecord table
80 is used, the administration server determines the
number of distribution-destination service-servers
through operations similar to the above.

[0081] On a day other than the access special day,
the administration server computes an average
throughput by dividing a sum of the normal access count
811 and the abnormal access count 812 in each time
slotrecorded in the record table 81 on the corresponding
day in the individual time slot's full access record 801 of
the access record table 80 by record count and unit time,
and sets the computed value for the session count 1002.
[0082] In a similar manner to the above, the adminis-
tration server computes an average response time for
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each time slot. If the computed average response time
is larger than the reference maximum response time
previously determined by the system, the administration
server checks the distribution-destination service-serv-
ers count 814 for the corresponding time slot. If it is pos-
sible to increase the number of distribution-destination
service-servers, then the administration server sets the
value of the distribution-destination service-servers
count 814 incremented by 1 for the service-servers
count 1001 as a distribution-destination service-servers
count.

[0083] Ifitisimpossible toincrease the number of dis-
tribution-destination service-servers, then the adminis-
tration server sets the value of the distribution-destina-
tion service-servers count 814 for the distribution-desti-
nation service-servers count 1001 as it is without any
change. Simultaneously, the administration server com-
pares the value set for the session count 1002 with the
value of the maximum session count 815, selects small-
er one of the values, and replaces the value of the ses-
sion count 1002 with a value obtained by subtracting a
constant value (which is the same value as in the afore-
mentioned access special day) from the selected value.
[0084] On the contrary, when the average response
time is smaller than the reference maximum response
time by a constant value (which is the same as in the
aforementioned access special day) or more, the ad-
ministration server sets a value obtained by subtracting
1 from the value of the distribution-destination service-
servers count 814, for the service-servers count 1001
as a distribution-destination service-servers count.
[0085] In the above embodiment, each record of the
access record table 80 on a day other than the access
special day is prepared in units of a day in one week.
However, the present invention is not limited to the
above example, but the record may be prepared based
on another reference.

[0086] As mentioned above, after determining the
number of distribution-destination service-servers for
each time slot, the administration server 5 allocates the
service servers 7-1 to 7-N according to the value set in
the field 1001 of distribution-destination service-servers
count, and sets the addresses of the service servers for
the service server addresses 1003. The method for al-
locating the service servers includes allocation of a nec-
essary number of service servers always in an increas-
ing order of their addresses, and a rotation system
wherein the address of the last-allocated service server
is always held and service servers are sequentially al-
located with use of the held address as a reference.
[0087] After creating the service server run schedul-
ing table 100 by the aforementioned method, the admin-
istration server 5 transmits the service server run sched-
uling table 100 to the load balancer 4.

[0088] The processor 40 in the load balancer 4, when
executing the created load balancing control module
421, the processor stores the received service server
run scheduling table 100 in the data memory 43, refers
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to the service server run scheduling table 100, e.g., at
59 minutes each hour, and updates the distribution des-
tination administration table 70 according to the desig-
nated contents. More in detail, with respect to the serv-
ice server designated in the service server address
1003 of the service server run scheduling table 100, the
processor sets the distribution target flag 702 in the dis-
tribution destination administration table 70. The proc-
essor further sets, a value obtained by dividing the value
of the session count 1002 in the service server run
scheduling table 100 by the distribution-destination
service-servers count 1001, for the connection session
upper limit 703 of the service server having the distribu-
tion target flag 702 set therein.

[0089] Thereafter, the processor 40 in the load bal-
ancer 4 executes the load balancing control module 421
to allocate the request according to the contents of the
distribution destination administration table 70.

[0090] Inaccordance with the above embodiment, the
running schedule of the load balancing system is auto-
matically determined from past statistical data and load
balancing control is carried out to avoid the overload of
the service server. As a result, service quality can be
prevented from being reduced by the overload of the
service server.

[0091] Even for a special day having a pattern differ-
ent from the usual access pattern, a running schedule
for the special day can be automatically determined
when the operator previously enters the special day,
thus enabling more suitable load balancing control.
[0092] The administration server 5 can execute an ap-
plication different from the service provided via the load
balancer 4 over the service server not allocated as the
distribution destination on the basis of the service server
run scheduling table 100. Since the service servers nec-
essary for the service to be done via the load balancer
4 are allocated on the basis of the service server run
scheduling table 100, the system can execute its trans-
action without exerting influence upon the service and
can be efficiently used.

[0093] Inthe case of notransaction, the service server
not allocated as the distribution destination can also be
stopped. For example, at 5 minutes each hour, the ad-
ministration server checks the service server address
1003 in the corresponding time slot written in the service
server run scheduling table 100. And if there is a service
server not allocated as the distribution destination, then
the administration server communicates with the corre-
sponding service server 7 to stop the server 7. Since the
unnecessary service server can be stopped, the power
consumption of the entire system can be suppressed.
[0094] With respect to the stopped service server, the
administration server checks the service server address
1003 written in the service server run scheduling table
100, and if necessary, the server can start the server.
[0095] In the above embodiment, when requests ex-
ceeding an expected count in the service server run
schedule prepared by the administration server 5 ar-
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rives at the load balancer 4, the load balancer 4 returns
an error to the terminal 1, as shown in Steps S2003 and
S2011 of FIG. 5, thereby maintaining the service quality
in the prepared service server range.

[0096] When requests exceeding the expected count
in the service server run schedule arrived at the load
balancer 4, on the other hand, the load balancer 4 may
add a distribution-destination service-server and the re-
quest may also be distributed to the added service serv-
er, thereby maintaining the service quality.

[0097] FIG. 11 shows a flowchart for explaining a re-
quest distributing function realized when the processor
40 of the load balancer 4 executes the load balancing
control module 421 in the embodiment.

[0098] The request distributing operation in the em-
bodiment of FIG. 11 is similar to that shown in FIG. 5,
except that the connection session count 704 of all the
service servers 7 reaches the connection session upper
limit 703 in Step S2003.

[0099] In Step S2003 of FIG. 11, when the connection
session count 704 of all the distribution-destination serv-
ice-servers 7 reaches the connection session upper limit
703, the load balancer 4 refers to the distribution desti-
nation administration table 70 and checks whether or
not the presence or absence of a service server having
the distribution target flag 702 not set therefor (Step
S2020). In the presence of a service server having the
distribution target flag 702 not set therefor, the service
continuation can be realized by distributing the request
to the service server.

[0100] For the purpose of setting the service server
as one of the distribution destinations, the load balancer
4 updates the distribution destination administration ta-
ble 70 (Step S2021). More specifically, the load balancer
4 sets the distribution target flag 702 for the service serv-
er, sets the value of the connection session upper limit
703 of the service server already set as the distribution
destination for the connection session upper limit 703 of
the service server in question, and further sets the value
of the connection session count 704 of the service serv-
er in question to 1.

[0101] Thereafter, the load balancer 4 transmits the
request to the added service server.

[0102] After the above operations, the service server
in question becomes a distribution-destination service-
server.

[0103] In accordance with the present embodiment,
even when requests exceeding the expected count ar-
rive at the load balancing system 3, the service can be
continued without returning an error to the terminal 1.
[0104] In the check of Step S2020 in FIG. 11, when
all the distribution target flags 702 are set, all the service
servers are already set as the distribution destination
and thus the request cannot be processed, thus return-
ing an error to the terminal 1.

[0105] Information about the addition of the distribu-
tion-destination service-server done in Step S2021 by
the load balancer 4 is reflected on the distribution-des-
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tination service-server 641 of the access log record
62-K. Information about the service servers count re-
flected on the distribution-destination service-servers
count 641 is reflected on the access record table 80 or
on the special day's access record table 90 through the
statistical processing of the administration server 5 and
more specifically, through Step S2109 or S2117 of FIG.
9. Thus, the information is effectively used in prepara-
tion of the next service server run scheduling table 100.
[0106] The specification and drawings are, according-
ly, to be regarded in an illustrative rather than a restric-
tive sense. It will, however, be evident that various mod-
ifications and changes may be made thereto without de-
parting from the spirit and scope of the invention as set
forth in the claims.

Claims

1. A load balancing system (3) for distributing a re-
quest received from a client terminal (1-1 to 1-L) to
any of a plurality of service servers (7-1 to 7-N) and
transmitting a response from the service server to
the client terminal, the system comprising:

a load balancer (4) having a function of distrib-
uting the request from the client terminal to the
plurality of service servers; and

an administration module (5) for monitoring an
operational state of the load balancer,

wherein:

the load balancer has a function of outputting
an access log relating to processing of the re-
quest,

the administration module has a function of
reading the output access log and performing
statistical operation thereover, a function of
predicting the number of service servers nec-
essary the processing the request on the basis
of a result of the statistical operation relating to
the processing of the request and preparing a
run schedule of the service servers, and a func-
tion of instructing the load balancer to distribute
the request to the service servers according to
the run schedule.

2. The load balancing system (3) according to claim
1, wherein the load balancer (4) has a function of
previously determining a method of distributing the
request to the service servers (7-1 to 7-N) on the
basis of the instructed run schedule.

3. The load balancing system (3) according to claim
1, wherein the administration module (5) has a func-
tion of accepting an input of a specific assignment
day and a function of performing statistical opera-
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tion unique to the accepted assignment day for the
assignment day.

The load balancing system (3) according to claim
3, wherein the administration module (5) has, for the
assignment day, a function of preparing the run
schedule for the assignment day including a re-
quest distribution method unique to the assignment
day on the basis of a result of the statistical opera-
tion unique to the assignment day, and a function
of instructing the load balancer to distribute the re-
quest to the service servers (7-1 to 7-N) according
to the run schedule for the assignment day.

The load balancing system (3) according to claim
4, wherein the load balancer (4) has a function of
previously determining a method of distributing the
request to the service servers (7-1 to 7-N) for the
assignment day on the basis of the instructed run
schedule for the assignment day.

The load balancing system (3) according to claim
3, wherein the load balancer (4) has a function of
deleting the statistical operation of the assignment
day from the result of the statistical operation.

The load balancing system (3) according to claim
2, wherein, when a number of requests received
from the client terminals (1-1 to 1-L) exceeds a
number of requests which can be processed by the
service servers corresponding to a predicted
number in the run schedule, the load balancer (4)
has a function of rejecting the requests from the cli-
ent terminals.

The load balancing system (3) according to claim
2, wherein, when a number of requests received
from the client terminals (1-1 to 1-L) exceeds a
number of requests which can be processed by the
service servers corresponding to a predicted
number in the run schedule, the load balancer (4)
has a function of changing the instructed run sched-
ule, adding a new service server as a request dis-
tribution destination, and continuing processing of
the requests from the client terminals according to
a changed run schedule.
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